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Description 

WELDING STUD 

Background of Invention 

[0001] The present invention relates generally to welding systems 
and, more particularly, to a welding stud for stud welding 
applications. 

[0002] stud welding is a welding process that utilizes a localized 
burst of current between a metallic fastener and a metallic 
workpiece. A stud welding system has a power source, a 
stud gun, a pair of cables that connect the stud gun to the 
power source, and a stud that is welded to a workpiece. In 
most instances, although not required, the fastener and 
the workpiece have the same material properties. The fas- 
teners are held and welded in place through the use of an 
electro-mechanical device in the stud gun. 

[0003] stud welding has applications in many industries. These 
industries include boiler manufacturing, ship building, 
auto manufacturing, and construction to name but a few. 
Welding a stud to a workpiece is an easy and efficient 
means of securing a fastener device to the workpiece. 



Studs are also provided in a variety of shapes and materi- 
als such that welding studs to a workpiece can be used to 
differentiate between further systems to be attached to 
the workpiece depending on the type of stud welded 
thereto. 

[0004] The quality of the weld which attaches the stud to the 
workpiece partially determines the amount of load the 
stud can support. A poor quality weld can result in failure 
of the weld between the stud and the workpiece. Weld 
failure associated with poor weld quality is difficult to 
predict and is often designed around by over welding the 
stud rather than improving the welding efficiency of the 
weld stud. A low efficiency in the stud welding process is 
partially due to low, effective contact resistance between 
the stud and a workpiece. 

[0005] The efficiency of the weld between the stud and the work- 
piece is partially determined by the physical construction 
of the welding stud used and the condition of the inter- 
face between the welding stud and the workpiece. A poor 
interface between the welding stud and the workpiece 
detrimentally affects arc performance and can result in 
weld failure. The physical construction of the weld end of 
the welding stud also affects the quality of a weld between 



a welding stud and a workpiece. If the weld end of the 
welding stud is poorly constructed, an incomplete weld 
can be formed between the welding stud and the work- 
piece after the termination of the welding process. 
[0006] Therefore, it would be desirable to design a welding stud 
for stud welding applications that maximizes arc charac- 
teristics between the welding stud and the workpiece, 

thereby maximizing weld quality and welding efficiency. 
Summary of Invention 

[0007] The present invention is directed to a welding stud that 

solves the aforementioned drawbacks. A welding stud and 
method of manufacturing a welding stud are disclosed 
that include at least one ridge, but preferably, a plurality 
of ridges formed in the weld end of the welding stud. The 
plurality of ridges localize a current passed through the 
weld end of the welding stud during a welding operation. 
By localizing the current through the weld end of the stud, 
the stud can be welded to a workpiece faster and with 
lower energy than welding studs without the current lo- 
calizing construction of the invention. 

[0008] Therefore, in accordance with one aspect of the present 
invention, a welding stud is disclosed which has a body 
extending between a first and a second end. The first end 



is constructed to engage a stud welding gun. At least one 
recess is formed in the second end that increases the ef- 
fective surface area of the second end and is designed to 
decrease an effective arc area of the second end. Such a 
construction allows the welding stud to be quickly and ef- 
ficiently welded to a workpiece. 

[0009] | n accordance with another aspect of the present inven- 
tion, a welding stud having a body is disclosed. The body 
extends from a connector end constructed to engage a 
stud welding gun. A weld end of the welding stud, oppo- 
site the connector end, has at least one protrusion and is 
constructed to be welded to a workpiece. The protrusion 
extends outwardly to space a majority of the weld end 
having a non-planar surface from a workpiece. Such a 
construction reduces the cross-sectional area of the weld 
end and localizes current passing therethrough during a 
welding operation. 

[0010] According to a further aspect of the present invention, a 
method of manufacturing a welding stud is disclosed. The 
method includes providing a welding stud having a first 
end and a second end, forming the first end to engage a 
stud welder, and forming the second end with increased 
resistance to current flow as compared to a welding stud 



having a nipple and a generally planar surface thereabout. 

[001 1] | n accordance with yet another aspect of the present in- 
vention, a welding stud is disclosed. The welding stud has 
a first end constructed to engage a stud welding gun. A 
body extends from the first end to a face of a weld end. 
The welding stud includes means for localizing current 
density in the face of the weld end of the welding stud. 

[0012] various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0013] The drawings illustrate and include one preferred embod- 
iment presently contemplated for carrying out the inven- 
tion. 

[0014] | n t he drawings: 

[0015] pig. 1 is a perspective view of a stud welder apparatus ac- 
cording to the present invention. 

[0016] pig. 2 is a side view of the stud welding gun of Fig. 1 in 
use. 

[0017] Fig. 3 is a perspective view of a welding stud in accor- 
dance with the present invention that may be used with 
the stud welder shown in Fig. 1. 



[0018] pig. 4 is a cross-sectional view of a weld end of the weld- 
ing stud shown in Fig. 3. 

[0019] pig. 5 is a plan view of the weld end of the welding stud 
shown in Fig. 4. 

[0020] Fig. 6 is a cross-sectional view of the weld end of an al- 
ternate embodiment of a welding stud in accordance with 
the present invention. 

[0021] Fig. 7 is a plan view of the weld end of the welding stud 
shown in Fig. 6. 

[0022] Fig. 8 is a cross-sectional view of the weld end of another 
alternate embodiment of a welding stud in accordance 
with the present invention. 

[0023] Fig. 9 is a plan view of the weld end of the welding stud 
shown in Fig. 8. 

[0024] Fig. 10 is a cross-sectional view of the weld end of yet an- 
other alternate embodiment of a welding stud in accor- 
dance with the present invention. 

[0025] Fig. 11 is a plan view of the weld end of the welding stud 
shown in Fig. 10. 

[0026] Fig. 12 is a cross-sectional view of the weld end of an- 
other alternate embodiment of a welding stud in accor- 
dance with the present invention. 

[0027] Fig. 13 is a plan view of the weld end of the welding stud 



shown in Fig. 12. 
Detailed Description 

[0028] pig. 1 shows a stud welding system 10 in accordance with 
the present invention. Stud welding system 10 includes a 
housing 12 enclosing the internal components of the 
welding power source such as a circuit board and power 
source. In one embodiment, the stud welding device 10 is 
of such compact construction that it includes a handle 14 
for easily transporting the welding system from one loca- 
tion to another. To effectuate the welding process, the 
stud welding device 10 includes a stud welding gun 16 as 
well as a work clamp 18. The work clamp 18 is configured 
to complete the welding circuit to a workpiece 20 to be 
welded. Connecting the stud welding gun 16 and work 
clamp 18 to the housing 12 is a pair of cables 22 and 24, 
respectively. 

[0029] p r j or to a welding operation, as shown in Fig. 2, a stud 21 
is placed in a work end 26 of stud welding gun 16 and in 
abutting engagement with workpiece 20. When a trigger 
17 of stud welding gun 16 is pressed, a welding current is 
developed between the welding gun 16 and workpiece 20 
through stud 21. An arm 28 of stud welding gun 16 is 
used to accommodate stud 21 and allow drawing stud 21 



away from workpiece 20 to form a stud welding arc. The 
welding arc is formed upon drawing the stud 21 from the 
workpiece 20 as an electrical current 32 passes through 
stud 21 and workpiece 20. As electrical current 32 passes 
through stud 21 and workpiece 20, a weld end 34 of stud 
21 and a target point 36 of workpiece 20 become molten. 
An inner collet 38 of stud welding gun 16 maintains a dis- 
tance, indicated by arrows 39, between stud 21 and work- 
piece 20 during the welding process. Distance 39 is de- 
termined to be the distance required to form a proper 
welding arc between stud 21 and workpiece 20. After a 
predetermined time, stud 21 is driven into workpiece 20, 
thereby forming a homogenous weld between stud 21 and 
workpiece 20. Although a specific electro-mechanical stud 
welding gun and stud welding system are shown, it is un- 
derstood that such is merely by way of example. Such is 
not intended to limit the scope of the claims presented 
herein. 

[0030] one exemplary welding stud 21 is shown in greater detail 
in Fig. 3. Welding stud 21 includes a body 40 disposed 
between weld end 34 and a gun end 42. Gun end 42 is 
constructed to engage a stud welding gun as shown in 
Fig. 2. Additionally, gun end 42 can be constructed to en- 



gage a connector (not shown) after welding stud 21 has 
been welded to a workpiece. As shown in Fig. 3, gun end 
42 of stud 21 includes a head 44 formed thereabout. It is 
understood that head 44 could be of many shapes de- 
pending on the stud gun used and the ultimate applica- 
tion of the stud. Head 44 only needs to be constructed to 
engage the work end of the stud welding gun and adapt- 
able to provide a further connection thereto. 
[0031] | n the embodiment shown in Fig. 3, weld end 34 of weld- 
ing stud 21 has a plurality of ridges 46 formed thereon 
and concentrically orientated about a center axis 48 of 
welding stud 21. A groove 50 is formed between adjacent 
ridges 46. A nipple 52 is formed in the center of weld end 
34 and is surrounded by a face 54 of weld end 34 of 
welding stud 21. A majority of weld end 34 is occupied by 
face 54 with nipple 52 positioned in the center thereof. As 
such, face 54 has a substantially non-planar construction, 
which provides for localized current density during a 
welding process. Face 54 decreases an effective arc area 
between welding stud 21 and workpiece 20. During the 
welding process, a welding arc is formed as electrical cur- 
rent passes between weld end 34 of welding stud 21 and 
workpiece 20. During a welding operation, the non-planar 



construction of face 54 results in an increase in effective 
surface area of weld end 34 and provides a stud with a 
decreased contact area. The contact area being defined as 
that area that would contact a workpiece once plunged 
into the workpiece during the welding process. By localiz- 
ing the current through weld end 34 during the welding 
process, the total amount of energy required to perform 
the weld is reduced resulting in a more efficient weld. 
[0032] a s shown in Fig. 4, grooves 50 formed in weld end 34 of 
welding stud 21 increase the total surface area of face 54 
and reduce the cross-sectional surface area of the face. 
As such, grooves 50 decrease the effective arc area, be- 
tween welding stud 21 and a workpiece. Ridges 46 extend 
to a tip 56 at face 54 and encircle nipple 52 and define 
the contact surface between welding stud 21 and a work- 
piece. Face 54 extends along weld end 34 from nipple 52 
to an outer surface 58 of welding stud 21. During a weld- 
ing operation, nipple 52 ensures adequate separation be- 
tween face 54 and a workpiece prior to initialization of the 
welding process. Once the welding process is initiated, 
nipple 52 and tips 56 are liquefied. Grooves 50 focus the 
current traveling through face 54 and a workpiece at tips 
56 of ridges 46. Such a construction creates a localized 



current density on face 54 that is higher than a local cur- 
rent density of a welding stud with a substantially planar 
welding face. As ridges 46 and nipple 52 are liquefied 
during the welding process, grooves 50 decrease until the 
stud and workpiece become one. 

[0033] As shown in Fig. 5, ridges 56 and grooves 50 are posi- 
tioned generally circumferentially about nipple 52 on weld 
end 34 of welding stud 21. Ridges 56 and grooves 50 also 
extend generally uniformly from nipple 52 to outer sur- 
face 58 of welding stud 21. As shown in Fig. 5, welding 
face 54 is geometrically centered about the longitudinal 
axis 48, shown in Fig. 3 of welding stud 21. Such a con- 
struction ensures a generally uniform arcing about face 54 
of welding stud 21, after nipple 52 is liquefied, during a 
welding process. The increased resistance associated with 
welding stud 21 ensures uniform welding of studs to a 
workpiece in a repeatable and efficient manner, thereby 
creating an efficient weld process. 

[0034] An alternate welding stud 60 is shown in Figs. 6 and 7. 

Welding stud 60 is similar to welding stud 21 in that it in- 
cludes a plurality of ridges 64 and a plurality of grooves 
66 disposed about a nipple 68 on a weld end 62 of weld- 
ing stud 60. Grooves 66 do not extend as deeply into weld 



end 62 of welding stud 60, Fig. 6, as grooves 50 extend 
into weld end 34 of welding stud 21, Fig. 4, however, weld 
end 62 has a tapered perimeter 70. Tapered perimeter 70 
reduces the effective surface area of weld end 62 to a 
workpiece during a welding process. As shown in Fig. 7, 
weld end 62 of welding stud 60 is similar to weld end 34 
of welding stud 21 shown in Fig. 5 in that both weld end 
34 and 62 have a plurality of generally concentric grooves 
and ridges about a nipple. 

[0035] Tapered perimeter 70 of weld stud 60 reduces the effec- 
tive cross-sectional area of weld end 62 during a welding 
process. Tapered perimeter 70 and grooves 66 each con- 
tribute to concentrate a current passed through weld end 
62 of welding stud 60 at ridges 64. As such, after a weld- 
ing process is initiated and nipple 68 is liquefied, the 
welding current is localized, or concentrated, at ridges 64. 

[0036] Rather than the circular pattern of the grooves and ridges 
of welding studs 21 and 60, Figs. 4-7, a welding stud 80, 
Figs. 8 and 9, and another welding stud 100, Figs. 10 and 
11, have a pattern formed in the welding end based on a 
relatively simple geometric pattern. Welding stud 80, 
shown in Figs. 8 and 9, has a cross-sectional shape that is 
similar to the cross-sectional shape of welding stud 21, as 



shown in Fig. 4. In Fig. a nipple 82 is positioned on a cen- 
ter axis 84 of a weld end 86 of welding stud 80. A plural- 
ity of grooves 88 and a plurality of ridges 90 are formed 
in a face 92 of weld end 86. Face 92 extends from nipple 
82 to a perimeter 94 of weld end 86 of welding stud 80. 
Fig. 9 shows the generally geometric pattern formed in 
weld end 86 by the plurality of linear grooves and ridges. 

[0037] Welding stud 100, shown in Figs. 10 and 11, has a plural- 
ity of recesses 102 formed between a plurality of adjacent 
ridges 104. Recesses 102 and ridges 104 are formed on a 
face 106 of a weld end 108 of welding stud 100. A nipple 
110 extends past face 106 along an axis 112 of welding 
stud 100 and initiates the contact of welding stud 100 
with a workpiece. A taper 114 can be formed about a 
perimeter 116 of face 106 of welding stud 100 to reduce 
the effective cross-sectional area of weld end 108 of 
welding stud 100. 

[0038] Comparing welding studs 80 and 100, as shown in Figs. 9 
and 11, with welding studs 21 and 60, as shown in Figs. 5 
and 6, it should be apparent that the present invention 
discloses a welding stud having a non-planar face be- 
tween the nipple and the perimeter of the welding end of 
the welding stud. Regardless of the pattern formed on the 



face of the weld end, a welding stud having a series of 
ridges and grooves formed in the face of the welding end 
is more efficiently welded to a workpiece than a welding 
stud with a generally planar face. The non-planar face 
provides for localized current density at the ridges during 
the welding process. Localizing the current increases the 
efficiency with which the welding stud can be welded to a 
workpiece. Whether the pattern formed in the face of the 
weld end forms a curvilinear pattern, as shown in Figs. 5 
and 7, or a rectilinear pattern, as shown in Figs. 9 and 11, 
each of the geometric patterns yield a welding stud which 
benefits from localized current densities during a welding 
process. The patterns shown in the figures are merely by 
way of example and in no way limit the claims herein. It is 
equally understood that the patterns of grooves and 
ridges formed in the faces of the welding studs disclosed 
herein could be by any one of etching, stamping, machin- 
ing, etc. 

[0039] Another welding stud 120 is shown in Figs. 12 and 13. A 
flux capsule 122, or a combination of powered metal and 
flux, is enclosed in the weld end 124 of welding stud 120. 
A contact tip 126 of flux capsule 122 functions similar to 
the nipple of the previous embodiments and extends past 



a face 128 of weld end 124 of welding stud 120. Contact 
tip 126 of flux capsule 122 is constructed to initiate con- 
tact with a workpiece during a welding operation. During 
a welding operation, flux capsule 122 inhibits atmo- 
spheric contaminants from polluting the pool of molten 
weld material generated during the welding process. As 
such, flux capsule 122 ensures a high quality, unpolluted 
weld between stud 120 and a workpiece. Face 128 ex- 
tends between a perimeter 130 of flux capsule 122 to a 
tapered perimeter 132 of weld end 124 of welding stud 
120. After flux capsule 122 is liquefied during the initial- 
ization of an arc, the current across welding stud 120 is 
localized at face 128 of welding stud 120. As such, weld- 
ing stud 120 localizes a welding current at face 128 after 
the initialization of the welding process that liquefies flux 
capsule 122. It is understood that flux capsule 122 could 
be incorporated into any/each of the previously disclosed 
welding studs in order to achieve the benefits of having a 
flux introduced into a weld. 
[0040] | n the case of a stud using a flux capsule, a decrease in 

the amount of energy needed to weld a stud of a given di- 
ameter can be achieved when compared to the amount of 
energy required to weld a stud having a nipple and a gen- 



erally planar face. The energy decreases result from a 
higher current density through the weld stud of the work- 
piece. In this case, the path of least resistance extends 
through the metal portion of the stud around the flux 
capsule. The flux capsule, by having a relatively high elec- 
trical resistance, allows relatively low levels of current to 
flow through it. This results in increased current density in 
the metal portion of the stud around the flux capsule. 
This construction requires lower energy levels for welding. 

[0041] Alternatively, it is understood that the flux capsule could 
be replaced with powdered metals. Similar to the flux 
capsule, the powdered metals results in a decrease in the 
amount of energy required to weld a given stud diameter 
when compared to a stud with a nipple and planar face. 
The powered metal capsule has a relatively high electrical 
resistance compared to the solid metal portion of the stud 
extending therearound. The energy decreases result from 
the relatively high current density through the solid metal 
portion of the stud and thereby around the powdered 
metal capsule. Such a construction results in increased lo- 
cal current densities which provides for efficient welding 
with lower energy. 

[0042] Each of the embodiments of the present invention realize 



the benefits achieved by a welding stud having a generally 
non-planar weld end. The non-planar face of the weld 
end results in decreased contact area between the welding 
stud and a workpiece during a welding process, an in- 
crease in the total surface area of the weld end, and pro- 
vides localized current density during a welding process. 
As such, a welding stud constructed according to the in- 
vention requires less energy to weld the stud to a work- 
piece compared to a welding stud having a generally pla- 
nar face. 

[0043] Therefore, in accordance with one embodiment of the 
present invention, a welding stud has a body extending 
between a first and a second end. The first end is con- 
structed to engage a stud welding gun and the second 
end has at least one recess formed therein. 

[0044] | n accordance with another embodiment of the present in- 
vention, a welding stud has a body extending from a con- 
nector end constructed to engage a stud welding gun. The 
welding stud has a weld end having at least one protru- 
sion and is constructed to be welded to a workpiece. The 
protrusion extends outwardly to space a majority of the 
weld end having a non-planar surface from a workpiece. 

[0045] According to a further embodiment of the present inven- 



tion, a method of manufacturing a welding stud includes 
providing a welding stud having a first end and a second 
end, forming the first end to engage a stud welder, and 
forming the second end with increased resistance to cur- 
rent flow as compared to a welding stud having a nipple 
and a generally planar surface thereabout. 

[0046] | n accordance with a further embodiment of the present 
invention, a welding stud has a first end constructed to 
engage a stud welding gun. A body extends from the first 
end to a face of a weld end. The welding stud includes 
means for localizing current density in the face of the 
weld end of the welding stud. 

[0047] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



